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TITLE OF THE INVENTION 



ILLUMINATOR, EXPOSURE APPARATUS, AND METHOD FOR FABRICATING 

DEVICE USING THE SAME 



Field of the invention 

The present invention relates to an illumination 
apparatus (illuminator), an exposure apparatus, and a method 
for fabricating devices using the same. In particular, the 
present invention is suitable for fabricating devices, for 
example, semiconductor devices such as ICs and LSIs, liquid 
crystal devices, image devices such as CCDs, and magnetic 

A 

heads. T he 3?€ in ^on for t-hls lia L ha'L a titanium oxide (Ti0 2 ) 



f - ilro ^ provided on a portion of an optical unit included in 
an exposure apparatus such as a projection exposure 
apparatus (projection aligner) or on a portion of a 



supporting unit for supporting the optical unit , e^fee^iveiy 



prevents dust, hazardous substances in the air, and the like 
from adhering to and contaminating the surface of each unit^ 
even when far ultraviolet light is used as exposure light 
for long periods of time. 
Description of the Related Art 

With respect to photolithography in fabricating 



BACKGROUND OF THE INVENTION 
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^ semiconductor devices, there has been a shift in A exposure 

H t l%ght to be ugcd from - the visible region to - th e, ultraviolet 

* - - region fui Lliu ^aj_jJOse Of f abroga t ing - high^in tjegr^fejren 

* ■ * " ' ■# ' 

^t> - doviooo ? ^fei recent applications of photolithography, a 

.' ■ . ? "* ■ ^ * 

^ 5 laser such, as an excimer laser is beiaxj used as a light 

source instead of a mercury lamp. , Also, in recent 
applications of lithography ; there has. been a shift in the 

A— 

53 environment in which projection iand exposure are performed^ 

$t from in the air to in a non-oxygen atmosphere, such as 

*\Q\0 nitrogen, reduced-pressure, or vacuum atmosphere. > 6e^44&& r ^ 

^hemically amplified resists using acid catalysts are 
J s becoming popular. Also, there have been considerable 

'% changes in specifications required for optical materials (i. 

-if * optical units) such as optical elements, for example, 

jB 15 lenses and mirrors, included in optical systems used for 

reduction- type projection aligners such as steppers, 
fabrication apparatuses, and processes. 

Chemical contamination in a clean room in which 



09. 



photolithography is performed may be caused by ^breakdown ^ 

A 



A 20 substances by -photoreaction of a resist , ^ffe-erfete^ed 3 ° 

substances during coating, development, baking, cleaning, 
A and other processes, and^y optyrise d substances from adhesives 



and wall materials . Theses-substances float in the air with 

■ - -» ' 

a considerable density. Because of the substances described 
25 / above, surfaces of optical elements such as lenses, mirrors. 



# 
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and prisms are considerably contaminated after they are 
exposed for a long-time by KrF or ArF excimer laser light, 

or *deep ultraviolet light # , fpi^. tiX^jps^K^ a^t— dig pn-i nt-oH 

- that the aubstance s " adh o ro d to • the surf aces significantly 
decrease optical properties such* as tr^nsmittance and 
reflectance.^ Generally, these substances vary in shape and 
composition, and although A <fr horo i c a certain tonde ttey* 
zsf depending on the e nvironm ent , reasons for adhesion are not 
clear. It may be inferred from the above that decomposition, 
recombination , multiple reactions, deposition, 
crystallization, and the like, act complexly instead of a 
simple photochemical reaction. ^ 

Contamination of optical units is a b*g- problem. 

As 

particularly with steppers, which are used for fabrication 
of semiconductor dftvinp.s ' m fl ni<=o -i c — n -^j- g problem with 



optical systems f.op other usages such as lens systems -for 
sjyill cameras, lens t £ys*t ems for video t cameras , lens systems 
for telescopes, and lenself, mirrors, prisms, and diffraction 
gratings for microscopes and measuring 'instruments . 

SUMMARY OF THE I N VENTION 
It is an object of the present invention to provide an 
illuminator, an exposure apparatus, and a method for 
fabricating devices using the same, in which optical 
properties do not decrease. 



In accordance with an illuminator of the present 
invention , 

■ ( 1-H in one aspect, an illuminator for illuminating a 
surface to be illuminated with a luminous flux from a light 
source through an illumination system includes a titanium 
oxide film provided on the surface of at least one unit 
which constitutes the illumination system; 

( 1 u 2^ — in another aspect, an illuminator for 
illuminating a surface to be illuminated with a luminous 
flux from a light source through an illumination system 
includes a titanium oxide film provided on the surface of at 
least one region of at least one optical unit among a 
plurality of optical units placed in an optical path from 
the ligh t source to the surface to be illuminated; .and 
, ( 1 ^ 3 - ) — ±*i still another aspect, an illuminator for , 
* illuminating a surface to be illuminated with a luminous 
flux from a light source through an illumination system 
includes a titanium oxide film provided on the surface of at 
least one region of at least one supporting unit among a 
plurality of supporting units for supporting at least one 
optical unit among a plurality of optical units placed in an 
optical path from the light source to the surface to be 
illuminated. 

Preferably, in an illuminator of the present invention 
according to - ( 1-1 ) - ; — £-3^-2^- , Ox' C^ 3-j , 



the luminous flux is ultraviolet light, and the 
titanium oxide film prevents contaminants, for example, dust 
and hazardous substances in the air, from adhering to and 
contaminating the unit provided with the titanium oxide film 
or its adjacent unit by a photbconductive function such as 
photoconduction and a photocatalytic reaction caused by the 
absorption of the ultraviolet light* ^ 

*bi*e- unit or the optical unit includes at least one of a 

diaphragm, a shutter, and a lens barrel/ # 
The 

thO ' unit or the optical unit includes at least one of a 
lens, a mirror, a prism, a filter, a diffuser, a diffraction 
optical element, and an optical integrator/ # 

•ttre unit or the optical unit includes a diffraction 
optical lens using a diffraction optical element, or a 
mirror/ # 

*&tte titanium oxide film is provided on the surface of a 
portion of a region of the optical unit in which light 

passes through y and . ^ 

The* ' , 

the. titanium oxide film has a thickness ranging from 10 

nm to 100 nm. 

In accordance with an exposure apparatus of the present 
invention, 

(- 2 1> in one aspect, an exposure apparatus for 
illuminating a pattern on a mask with a luminous flux from a 
light source through an illumination system and exposing a 



4> 
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substrate with the pattern includes a titanium oxide film 
provided on the surface of at least one unit among a 
plurality of units which constitute the exposure apparatus; 

- ( 2 2 -) — £ft another aspect , an exposure apparatus for 
illuminating a pattern on a mask with a luminous flux from a 
light source through an illumination system and exposing a 
substrate with the pattern includes a titanium oxide film 
provided on the surface of at least one region of at least 
H- one optical unit among a plurality of optical units placed 

y310 in an optical path from the light source to the substrate; 

T ( 2-" 3 ) — i*i still another aspect , an exposure apparatus 



was* 



for illuminating a pattern on a mask with a luminous flux 
2 from a light source through an illumination system and 

XT* 

15 exposing a substrate with the pattern includes a titanium 

oxide film provided on the surface of at least one region of 
at least one supporting unit among a plurality of supporting 
units for supporting at least one optical unit among a 
plurality of optical units placed in an optical path from 
20 the light source to the substrate. ^ 

Preferably, in an exposure apparatus of the present 
^ invention according to { 2-1 ) , — (2-2) , — o r (2 -34 , 

the luminous flux is ultraviolet light, and the 
titanium oxide film prevents contaminants, for example, dust 
25 and hazardous substances in the air, from adhering to and 



contaminating the unit provided with the titanium oxide film 
or its adjacent unit by a photoconductive function such as 
photoconduction and a photocatalytic reaction caused by the 
absorption of the ultraviolet light/ 9 

-the* unit includes at least one of a diaphragm, a 
shutter, and a lens barrel/ # 

tfee unit or the optical unit includes at least one of a 
lens, a mirror, a prism, a filter, a diffuser, a diffraction 
optical element, and an optical integrator/. 

tek^ unit or the optical unit includes a diffraction 

optical lens using a diffraction optical element, or a 

mirror/ » 
The 

- the . titanium oxide film is provided on the surface of a 
portion of a region of the optical unit in which light 
passes through) m 

Exposure is performed while the pattern on the mask* and 
the substrate are synchronously scanned .? - and -* % 

^fctfce titanium oxide film has a thickness ranging from 10 
nm to 100 nm. 

In accordance with a method for fabricating devices of 
the present invention, 

-f-3-«-^H a method includes the steps of exposing a wafer 
with a device pattern formed on a reticle using an exposure 
apparatus according to any one of A (2 1) — thr - ough (2 3- ) , and 
developing the wafer. 
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In accordance with a projection aligner of the present 
invention, 

' ( 4 1 ) » in one aspect, a projection aligner for 
illuminating a pattern on a mask with a luminous flux from a 
light source through an illumination system and projecting 
the pattern onto a wafer by a projection optical system 
includes a titanium oxide film provided on the surface of at 
least one unit which constitutes the projection aligner; 

*(-4 — 2-) — mi another aspect, a projection aligner for 
illuminating a pattern on a mask with a luminous flux from a 
light source through an illumination system and projecting 
the pattern onto a wafer by a projection optical system 
includes a titanium oxide film provided "on the surface of at 
least one region of at least one optical unit among a 
plurality of optical units placed in an optical path from 
the light source to the wafer; and 

-(-4 — 3 ) in still another aspect, a projection aligner for 
illuminating a pattern on a mask with a luminous flux from a 
light source through an illumination system and projecting 
the pattern onto a wafer by a projection optical system 
includes a titanium oxide film provided on the surface of at 
least one region of at least one supporting unit among a 
plurality of supporting units for supporting one or a 
plurality of optical units placed in an optical path from 
the light source to the wafer. 
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Preferably, in a projection aligner of the present 
invention according to^ (*4-l ) » — ( 4^2 ) , or (4-^) , 
the luminous flux is ultraviolet light, and the titanium 
oxide film prevents contaminants, for example, dust and 
hazardous substances in the air, from adhering to and 
contaminating a surface of the unit provided with the 
titanium oxide film through a photoconductive function such 
as photoconduction and a photocatalytic reaction caused by 



the absorption of the ultraviolet light^ 9 

^ 10 ttee* unit includes at least one of a diaphragm, a 

J$ shutter, and a lens barrel/. 

m "The, 

*r 4 tho unit includes at least one of a lens, a mirror, a 



prism, a filter, a diffuser, a diffraction optical element. 



and an optical integrator^ fc 
h 15 unit includes a diffraction optical lens using a 



A diffraction optical element, or a mirror/^ 

* 'the* titanium oxide film is provided in a portion of a 

region through which light passes on the surface of the 
A' optical unit/ 

p 

A 20 projection and exposure are performed while the pattern 

on the mask and the wafer are synchronously scanned at a 
velocity ratio in response to imaging magnification of the 
A> projection optical system? — and . 

A titanium oxide film has a thickness ranging from 10 

25 nm to 100 nm. 
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In accordance with a method for fabricating devices of 
the present invention, 

*( D " 1 j a method includes the steps of projecting a 
device pattern formed on a reticle onto a wafer after the 
reticle is aligned with the wafer using a projection aligner 
according to any one of A -( 4 - 1 -) — through — ) , and developing 
the wafer. 

Further objects, features and advantages of the present 
invention will become apparent from the following 
description of the preferred embodiments with reference to 
the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of the key portion of a 
system for fabricating semiconductor devices using an 
exposure apparatus in accordance with the present invention; 

FIG. 2 is a schematic diagram of a first example in 
which a Ti0 2 film is provided on the surface of a unit 
constituting an exposure apparatus in accordance with the 
present invention ; 

FIG. 3 is a schematic diagram of a second example in 
which a Ti0 2 film is provided on the surface of a unit 
constituting an exposure apparatus in accordance with the 
present invention ; 

FIG. 4 is a schematic diagram of a fourth example in 



which a Ti0 2 film is provided on the surface of a unit 
constituting an exposure apparatus in accordance with the 
present invention; 

FIG. 5 is a schematic diagram of a seventh example in 
which a Ti0 2 film is provided on the surface of a unit 
constituting an exposure apparatus in accordance with the 
present invention; 

FIG. 6 is a schematic diagram of an eighth example in 
which a Ti0 2 film is provided on the surface of a binary 
optics lens constituting an exposure apparatus in accordance, 
with the present invention; 

FIG. 7 is a schematic diagram of a ninth example in 
which a TiO z film is provided on the surface of a binary 
optics lens constituting an exposure apparatus in accordance 
with the present invention; 

FIG. 8 is a flow chart which shows a method for 
fabricating devices in accordance with the present 
invention ; and 

FIG. 9 is a detailed flow chart of a wafer process. 

DESCRIPTI ON OF THE PREFERRED EMPOPIMENTS 
FIG. 1 is a schematic diagram of the key portion of a 
projection aligner and a system for fabricating devices 
using the same^ae a first embodiment of the present 
invention . 
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In accordance with this embodiment, a circuit pattern 
formed on a reticle, a photomask, or the like (generically 
called a "mask") is printed onto a wafer (i.e., 
photosensitive substrate) to fabricate a semiconductor 
5 device. The system includes a projection aligner, a 

container for masks, an inspection unit for original masks, 
and a controller, which are all placed in a clean room. 
O In FIG. 1, numeral 1 represents an excimer laser 

containing KrF, ArF, or the like, as a light source, for 
10 radiating ultraviolet light or far ultraviolet light. A 

~J high-pressure mercury-vapor lamp (i-line light) may be used 

instead of an excimer laser. Numeral 2 represents an 

3 

^ illumination system -as a uni-4i for illuminating a reticle 3 

Ty set at an exposure position E.P. from above with a given 

y3 15 numerical aperture (NA) . Numeral 4 represents a projection 

optical system (projection lens) for reduction projecting 
and printing a circuit pattern formed on the reticle 3 onto 
a wafer 5 such as a silicon substrate. Numeral 6 represents 
an alignment system for aligning the reticle 3 with the 
20 wafer 5 prior to an exposure operation. The alignment 

system 6 is provided with a microscope system for observing 
reticles. Numeral 7 represents a wafer stage. The units 1 
through 6 described above constitute the projection aligner. 
Numeral 8 represents a container for containing a 
25 plurality of reticles as masks. Numeral 9 represents an 
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inspection unit for detecting foreign particles on reticles. 
The inspection unit 9 inspects ^foreign particles on a 
reticle before the selected reticle from the container 8 is 
set at the exposure position E.P. 
5 A controller 10 controls the sequence of the entire 

system, including commands for operating the container 8 and 
the inspection unit 9, and sequences such as alignment, 

Q exposure, and step-feed of wafers, which are the basic 

^ operations of a projection aligner. 

Z£. 10 In accordance with this embodiment, a step-and-repeat 

/I projection aligner or a step-and-scan projection aligner is 

~ l used. With respect to the step-and-scan projection aligner, 

3 

W projection and exposure are performed while the reticle 3 

FU and the wafer 5 are scanned synchronously at a velocity 

ratio^i n rcapon . se t o imaging magnification of the projection 
optical system 4 . 

Also, in accordance with this embodiment, a proximity 
aligner, in which exposure is performed without a projection 
lens, may be used in the same manner, instead of a 
20 projection aligner. 

In accordance with this embodiment, the illumination 
system 2, the projection optical system 4, the inspection 
unit 9 and the alignment system 6 employ various optical 
units (optical elements) such as lenses, mirrors, prisms, 
25 diffraction optical elements (binary optics elements, i.e., 



BO elements ) . 

A titanium oxide (Ti0 2 ) film is provided on the surface 
of one or all of these optical units and at least on a 
portion of the surface of at least one supporting unit (lens 
barrel) for supporting one or all of the optical units. 
This effectively prevents dust, hazardous substances in the 
air, and the like from adhering to and contaminating the 
surface of each unit even when the fabrication of 
semiconductor devices is performed for a long period of time. 

fO cK on S 

The TiO-, film used in this embodiment i s ef fec^L ue as a 
photo semiconductor by absorbing ultraviolet light, in 
particular, far ultraviolet light. The typical functions t» 
a photo semiconductor include, the antistat effect by 
photoconduction , the decomposition reaction as a 
photocatalyst , the reduction in the angle of contact toward 
water, and the antibacterial reaction. Since Ti0 2 has a high 
refractive index and absorbency in the ultraviolet region, 
the Ti0 2 film must be thin when provided on the surface of an 
optical unit. 

When TiO z is evaporated onto the surface of an optical 
unit, the thickness of the Ti0 2 film will be approximately 
100 nm at fcfte> most. On condition tha t the Ti0 2 film is 
irradiated with a powerful beam such as a laser beam, it 
functions as a photo semiconductor sufficiently^ even at a 
thickness of approximately 10 nm. Therefore, in accordance 
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with the present invention, the thickness of the Ti0 2 film is 
set &t 10 nm to 100 nm. When there is a decrease in optical 
properties such as transmittance , the Ti0 2 film is provided 
partially only on the periphery of optical elements (units). 
5 In accordance with the present embodiment, in order to 

deposit a Ti0 2 film onto the surface of each unit, a vapor 
deposition process may be used, or the film may be formed by 
g& hydrolysis 'e tro o e cL by heating y ^f tor tho-cu-rf - aoc is 

preliminarily coated with alkyltitanate . 
10* Next, typical examples in which Ti0 2 is applied on the 

^1 surfaces of optical units or supporting units constituting 

m 

J" the individual apparatuses will be described one by one. 



Example 1 

A Ti0 2 film^a^ a thickness of 10 nm was evaporated by a 

resistance heating evaporation system onto the surface of a 

in 

portion of lenses c onstituting a projection optical system 
composed of quartz for a KrF stepper (a step-and-repeat or 
step-and-scan reduction-type projection aligner) . The 
portion of lenses corresponded to one lens out of 
20 approximately 20 lenses constituting /v «fcke. projection optical 

system. 

In a conventional apparatus, which does not use a TiO z 
film, adhesion was observed on the surface of each lens 
constituting - a projection optical system after being used 
25 for approximately 6 months. In accordance with the present 



embodiment, only one of the lenses constituting the 
projection optical system was applied with Ti0 2 treatment. 

When the surface of the lens was inspected after -a- 
steady operation for 6 months, significantly little adhesion 
was observed on the surface of fcke> lens, which was within 
the allowable level *a& a projection system for fabricating 
devices. Also, the surfaces of lenses lying on both sides 
of the lens had significantly little adhesion. This shows 
that the Ti0 2 film is effective at improving the surrounding 
atmosphere . 

FIG. 2 is a schematic diagram of a portion of a 
plurality of lenses constituting a projection optical system 
4 for a stepper. In this drawing, symbol LI represents a 
lens that is applied with a TiO z film t . Symbols L2 and L3 
represent lenses that are not treated with TiO z . 

Example 2 

A Ti0 2 filrn^a-fe a thickness of 20 nm was evaporated by a 
sputtering system onto the surface of the peripheral area of 
a portion of lenses constituting a projection optical system 
composed of fluorite for a KrF stepper (a step-and-repeat or 
step-and-scan reduction- type projection aligner) . The 
portion of lenses corresponded to one lens out of the total " 
approximately 20 lenses. 

In a conventional apparatus, which does not use a Ti0 2 
film, adhesion was observed on the surface of each lens 



■ con o t i t ut - i rig— a projection optical system after being used 
for approximately 6 months. In accordance with the present 
embodiment, only one of the lenses constituting the 
projection optical system was treated with Ti0 2 . 

Even after being used for several months, the surface 
of the lens had significantly little adhesion, which was 
within the allowable level as a projection system for 
fabricating devices. Also, the surfaces of lenses lying on 
both sides (i.e., in front and rear) of the lens had 
significantly little adhesion. This shows that the Ti0 2 film 
is effective at improving the surrounding atmosphere. 

FIG. 3 is a schematic diagram of a portion of a 
plurality of lenses constituting a projection optical system 
4. In this drawing, a Ti0 2 film t is provided on the 
periphery of a central lens LI. Symbols L2 and L3 represent 
lenses that are not treated with Ti0 2 . 

E xample 3 

hay 105 

A Ti0 2 film-a-fe- a thickness of 20 nm was formed by a 
dipping process onto the surface of a reflecting mirror 
among the optical units used for an illumination system of a 
stepper. In more detail, after a solution of alkyltitanate 
in butanol was applied onto both surfaces of the reflecting 
mirror by using a growth method, heat treatment was 
performed at approximately 350° C to form the film by 
hydrolysis. 
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As a result of an inspection of the surface of the 
reflecting mirror after being used for 6 months, 
significantly less contamination (adhesion) was observed in 
comparison with the conventional apparatus , and thus the 
effectiveness of the Ti0 2 film was confirmed- Also, the 
formation of the Ti0 2 film onto the periphery of the mirror, 
off the optical axis, exhibited the same effect- This shows 
that the Ti0 2 film is effective at improving the surrounding 
atmosphere. 

Example 4 

A Ti0 2 film was formed by performing surface treatment 
onto the supporting units in the lens barrel supporting the 
individual units of the optical system in a stepper, a shade 
plate, a diaphragm, a shutter, and the like by using 
processes such as a vapor deposition process and a dipping 
process described in Examples 1 through 3 . 

As a result of a contamination inspection of the 
surfaces after S ^ontho ' operation, a significantly small 
loss of transmittance , resulting from contamination on the 
surfaces of the lenses and optical elements provided with 
the Ti0 2 film, was observed, in comparison with the 
conventional case in which no Ti0 2 film was used. 

FIG. 4 is a schematic diagram showing an example in 
which a Ti0 2 film t is provided on a portion of a holding 
frame LP for holding lenses LI, L2, and L3 among a portion 
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of lenses constituting a projection optical system 4. The 
reflected light (ultraviolet light) from a lens surface 
enters into the Ti0 2 film t, and TiO z functions as a photo 
semiconductor by absorbing ultraviolet light . 

With respect to a unit that does not transmit light as 
described above, the Ti0 2 film absorbs ultraviolet light from 
scattered light or the like and functions as a photo 
semiconductor . 

Example 5 

A Ti0 2 film was formed onto the surfaces of a prism, a 
binary optical element, a diffraction grating, a polarizer, 
a diffuser, fly's eye lenses, and the like, by using 
processes such as a vapor deposition process and a dipping 
process in accordance with Examples 1 through 3. When far 
ultraviolet rays generated from an excimer laser or the like 
were used, significantly low contamination was observed in 
comparison with the conventional cases. 

Example 6 

A semiconductor device was fabricated by using ArF 
excimer and KrF excimer steppers including optical lenses, 
optical elements, and lens barrels provided with the Ti0 2 
film formed by processes in accordance with Examples 1 
through 5. As a result of an inspection after the device 
had been used in a predetermined wafer process for 6 months, 
a small loss of transmittance and little contamination. 
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which were within the allowable levels, were observed. 
Example 7 

A Ti0 2 film^^arfe a thickness of 10 nm was evaporated by a 
resistance heating evaporation system onto the surface of a 
binary optics lens (BO lens), i.e., a diffraction optical 
element, among the lenses constituting a projection optical 
system composed of quartz for a KrF stepper (a step-and- 
repeat or step-and-scan reduction- type projection aligner). 
The BO lens was one of approximately 20 lenses constituting 
the projection optical system. 

In a conventional apparatus that does not use a TiO z 
film, adhesion was observed on the surface of each lens 
const - it ut in g - a projection optical system after being used 
for approximately 6 months . In accordance with the present 
embodiment, only one BO lens among the lenses constituting 
the projection optical system was treated with Ti0 2 . 

When the surface of the BO lens was inspected after -a- 
steady operation for 6 months, significantly little adhesion 
was observed on the surface of the BO lens treated with Ti0 2 , 
which was within the allowable level as a projection optical 
system for fabricating devices. Also, the surfaces of the 
lenses lying on both sides of the BO lens had significantly 
little adhesion. This shows that the TiO z film is effective 
at improving the surrounding atmosphere. 

FIG. 5 is a schematic diagram of a portion of a 



plurality of lenses constituting a projection optical system 
4 for a stepper- In this drawing, symbol LI represents a BO 
lens that is applied with a Ti0 2 film t. Symbols L2 and L3 
represent lenses that are not treated with a Ti0 2 film. 
Symbol BO represents a binary surface. 
Example 8 

A Ti0 2 film A a^ a thickness of 20 nm was evaporated by a 
sputtering system onto the surface of a BO lens among units 
constituting a projection optical system composed of 
fluorite for an ArF stepper (a reduction- type projection 
aligner) . The BO lens treated with TiO, was one out of the 
total^approximately 20 lenses constituting the optical unit. 

FIG. 6 is a schematic diagram of a diffraction optical 
element unit provided on the surface of the BO lens. After 
a Ti0 2 film was deposited onto the walls in a slanting 
direction, the Ti0 2 film on the front surface was removed by 
dry etching from right above to form Ti0 2 films only on the 
walls. In such a case, light loss was smaller, resulting in 
high performance, in comparison with a case in which a Ti0 2 
film was provided on the entire surface. 

In a conventional apparatus, adhesion was observed on 
the lens surface after being operated for approximately 6 
months. On the contrary, significantly little adhesion, 
which was within the allowable level, was observed on the 
surface of the BO lens treated with TiO z . Also, the surfaces 



of the lenses lying on both sides of the BO lens had 
significantly little adhesion. This shows that the Ti0 2 film 
is effective at improving the surrounding atmosphere. 

In the drawing, numeral 11 represents a BO substrate, 
numeral 12 represents a binary diffraction optical element 
having 8 steps, and symbol t represents a Ti0 2 film. 

Example 9 

A Ti0 2 film^a* a thickness of 10 nm was formed by a 
dipping process onto the surface of a BO element among the 
optical units used for an illumination system of a stepper. 
In more detail, after a solution of alkyltitanate in butanol 
was applied onto both surfaces of the BO element by using a 
growth method, heat treatment was performed at approximately 
350° C to form the film by hydrolysis. Further, a Ti0 2 film 
was formed onto the step surface of the BO element by dry- 
etching from above. A Ti0 2 film was formed also on the back 
surface at the same time. 

As a result of an inspection of the surface of the BO 

of 

element after 6 months ^ operation, significantly less 
contamination (adhesion) was observed in comparison with the 
conventional apparatus, and thus the effectiveness of the 
Ti0 2 film was confirmed. 

FIG. 7 is a schematic diagram of the key portion of a 
BO element in this example. Numeral 21 represents a mirror 
substrate, numeral 22 represents a binary diffraction 



optical element, and symbol t represents a Ti0 2 film. 
Example 10 

A Ti0 2 film was provided on a portion of individual 
units of an optical system of a stepper by using processes 
such as a vapor deposition process and a dipping process 
described in Examples 7 through 9, and also a Ti0 2 film was 
formed by performing surface treatment onto the supporting 
units in the lens barrel supporting the optical units, a 
shade plate, a diaphragm, and the like. 

As a result of a contamination inspection of the 

surfaces after 6 months '^operation, a significantly small 

loss of transmittance^ resulting from contamination on the 

surfaces of the lenses and optical elements^ was observed, 

in comparison with the conventional case in which no Ti0 2 
IS 

film was used. 

4ie£e- inaf t e - r , a method for fabricating devices, which 
uses a system in accordance with the present invention, will 
be described a s — an o mbodim o n t . 

FIG. 8 is a flow chart of the processes for fabricating 
devices such as chips, for example, ICs and LSIs, liquid 
crystal panels, or CCDs. 

In step 1 (circuit design), a circuit for a device is 
designed. In step 2 (mask formation), a mask provided with 
the designed circuit pattern is formed. 

Br— ttie Other 1 lumd, in step 3 (wafer fabrication). 
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wafers are fabricated using silicon or the like. 

Step 4 (wafer process) is referred to as a pre-process, 
in which an actual circuit is formed on the wafer by 
lithography, using the mask (reticle) 3, the wafer 5, and a 
projection lens in accordance with the present invention. 
Step 5 (assembly) is referred to as a post -process , in which 
the wafer formed in step 4 is processed to form chips, and 
includes an assembly process (e.g., dicing and bonding), a 
packaging process (e.g., chip encapsulation), and so on. 
5=1* 10 In step 6 (inspection), the device fabricated in step 5 

is inspected, including, for example, a performance test and 
an endurance test. In step 7 (shipment), the device is 
shipped after undergoing the processes described above. 

FIG. 9 is a detailed flow chart of the above-mentioned 
15 wafer process (step $). 

In step 11 (oxidation), the surface of the wafer is 
oxidized. In step 12 (CVD) , an insulation film is formed on 
the surface of the wafer. 

In step 13 (electrode formation) , electrodes are formed 
20 on the wafer by evaporation. In step 14 (ion implantation), 

ions are implanted into the wafer. In step 15 (resist 
processing), a photosensitive material is applied onto the 
wafer. In step 16 (exposure), the circuit pattern on the 
reticle is projected and exposed onto the wafer, using a 
25 projection lens in accordance with the present invention. 
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In step 17 (development), the exposed wafer is 
developed. In step 18 (etching), an area excluding the 
developed resist is etched. In step 19 (resist stripping), 
"A any unnecessary resist^after etching is removed. 

5 By repeating the steps described above, multiple 

circuit patterns are formed on the wafer. 

In accordance with the fabrication method of the 

g present embodiment, high-integration devices, which were 

ycj- 

^ difficult to fabricate in the past, can be easily fabricated. 
*fj 10 As described above, by using titanium oxide (Ti0 2 ) films 

/I properly, the following advantages can be obtained. 
^ (1) Dust and hazardous substances in the air can be 

O prevented from adhering to, or from being deposited onto, 

MB 

fU the surfaces of optical elements (i.e., optical units) such 

yg 15 as lenses, mirrors, and prisms, supporting units for 

ffl 

supporting optical units, and barrels for containing optical 
units. Thus, optical properties do not decrease even after 
being used for long periods of time, and satisfactory 
conditions can be maintained. In particular, such an 

20 exposure apparatus is suitable for fabricating semiconductor 

devices, and a method for fabricating devices using the same 
can be achieved. 

(2) A decrease in performance resulting from 
contamination of optical elements, optical systems, 

25 semiconductor fabricating apparatuses such as steppers. 
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measuring instruments, and the like, which are applicable to 
ultraviolet light, in particular to far ultraviolet light, 
can be prevented. Consequently, apparatuses that require 
minimum maintenance can be obtained, resulting in 
i mprovement i « n productivity . 

While the present invention has been described with 
reference to what are presently considered to be the 
preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments. On 
the contrary, the invention is intended to cover various 
modifications and equivalent arrangements included within 
the spirit and scope of the appended claims. The scope of 
the following claims is to be accorded the broadest 
interpretation so as to encompass all such modifications and 
equivalent structures and functions. 



